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Introduction
3d and/or 4f coordination clusters (CCs) have been of considerable interest in the past few years due to their aesthetically pleasant structures [1] [2] [3] [4] and applications. [5] [6] [7] [8] [9] These can be synthesized via self-assembly of organic or inorganic ligands, with metal ions, following the hard soft base acid principle. [10] Serendipitous assembly has been the traditional route of synthesis for these types of molecules, not just relying upon the metal ions and coordination modes of ligands, but on a multitude of other factors including concentration, steric effects, solvent, pH and counter anions. [11] These factors can dramatically affect the shape and topology of the final product. More recently, various approaches have been applied to synthesize these molecules in a more predictable manner. [12] [13] [14] The importance of controlling the shape and topology of CCs is highlighted by their extended study as molecular magnetic materials. [15] [16] [17] [18] There are many examples of polynuclear CCs displaying interesting magnetic phenomena such as high spin value, [19] [20] [21] [22] single-molecule magnet (SMM) [23] [24] [25] [26] [27] [28] or magnetocaloric effect (MCE) [29] [30] [31] [32] [33] behavior. The combination of 3d and 4f ions has been proposed to be an efficient strategy to reach heterometallic CCs with improved magnetic properties. [34] [35] [36] This combination has resulted in a plethora of examples with various 3d metals; Fe II 2Dy III , [37] Co II 2Dy III 2, [38] Mn II Dy III 2, [39] Ni II 3Ln3, [40] Cr III 2Ln III 2, [41] and Cu II 4Dy III 4.
[ 42] In addition 3d/Gd(III) CCs have been recognized as excellent examples displaying magnetocaloric effect (MCE) behavior. [43] The first of these was a Mn4Gd4 CC supported by calix [4] arene. [44] Notable examples experiencing a large MCE effect have been reported including Mn4Gd4, [44, 45] M8Gd4, [46] Cu36Ln24 [47] and Cu5Gd4. [48] Schiff base ligands are an ideal host to accommodate both 3d and 4f elements and allow them to interact due to their compartmental nature. [49] [50] [51] [52] [53] [54] [55] [56] Recently, we reported a number of 3d and 3d/4f CCs synthesized by the employment of the Schiff base ligand (E)-4-(2-hydroxy-3-methoxy-benzylideneamino)-2,3-dimethyl-1-phenyl-1,2-dihydropyrazol-5-one (HL1, Scheme 1). [57] [58] [59] The use of HL1 in Co/Ln cluster chemistry has afforded a series of Co II /Dy III CCs with various nuclearities (4) (5) (6) (7) (8) . [57, 59] Among these compounds the heptanuclear disk-like CC formulated [Co II 3Dy III 4(μ3-OH)6(L1)6(CF3SO3)] (ClO4)5 (1) displays behavior indicative of an SMM below 4K. [57] 
The alternating fashion of Co II /Dy III ions in 1, prompted us to synthesize other Ln analogues of this motif and study their magnetic properties. In addition, the use of anisotropic Co II 3d ion restrains the construction of magnetic coolers, [29] thus an attempt was made to replace these with the more isotropic Ni II ions, which have previously led to Ni II / Gd III CCs with large MCE, i.e. the 48-member metallocycle Ni12Gd36 [60] and the cage like Ni6Gd6. [61] Thus, we herein report a series of five isoskeletal M (1') was isolated in only 3 days with moderate yield (Table 1) . [57] The latter indicates that the temperature and the solvent of the reaction had a profound effect on the crystallization time and yield of the product. When these two methods were applied to synthesize the Co 4(µ3-OH)6L6(CF3SO3)] ion. Crystal Structure Description. Unit cell determinations, IR spectra, elemental analyses and TGA show 2, 3, 4, 5 and 6 to be isoskeletal, therefore only a detailed crystallographic description of 4 will be described here. Crystallographic studies show that 2-4, crystallize in the orthorhombic space group Pbca. The heptanuclear disk like compound, composes of a hexanuclear wheel, three Ni II and three Dy III centers in an alternating fashion, and a central Dy III center. The peripheral six centers form a plane and the central Dy III lies 0.671Å out of it. Six, altering above and below the plane, triply bridging hydroxyl groups support the formation of the disk, whereas a CF3SO3 moiety caps the central Dy center ion. The coordination number of the three peripheral and one central Dy III ions is 8 and 7, respectively. The geometry of the central Dy III can be described as a capped octahedron whereas the Dy III ions lying within the wheel is that of a bicapped trigonal prism. The Ni
II centers adopt what can be best described as a distorted octahedral geometry. The six ligands coordinate in a similar manner (Scheme S1). All six ligands chelate to a Ni II ion, through the phenoxido oxygen and the imino nitrogen atoms, to a Dy III ion, through the phenoxido and methoxido oxygen atoms, and bond to another Dy III ion through a carbonyl oxygen atom. 
ESI-MS Studies.
To further confirm the identity of the reported compounds, we performed a broad electrospray ionization mass spectrometry for compounds 2, 3, 4, 5 and 6. We observed three main regions for the analogues showing three distinct fragments in each region, perfectly corresponding to the tetracationic, tricationic and dicationic fragments respectively; [M3Ln4(µ3-OH)6(C19H18N3O3) 6 (Fig S3) . Values assigned to these fragments corresponding to CC are shown in Table 2 . Each of these fragments corresponds to the [M3Ln4(µ3-OH)6(L6)] core with additional OTf counter ions. [62] topology were the Mn IV 6Ce disks reported by Christou et al. [63, 64] and Co II 2Dy III 5 [59] examples (Table 3 ). The seven previous reported examples of 3d/4f 3,6M7-1 CCs are shown (Table 3 entries 1-7) and to the best of our knowledge (4) (5) (6) 
Mn IV /C e IV HL4 [63] 4
[Mn6CeO9(O2CR)9(X)(H2O)2] y+ (R = Me (L4), X = NO3 -, y = 0 (2); R = Me (L5), X = MeOH, y = +1 (3); R = Et, X = NO3 -, y = 0 Mn IV /C e IV HL4, HL5 [64] Green and light blue nodes correspond to 3d and 4f ions, respectively.
Magnetic Properties. Susceptibility measurements were performed for 2, 4 and 5 and for the Ni-Y complex 6 in order to check the degree of interaction between the d cations, Figure 2 . (Fig. 3 right) show a fast increase at low fields and a further slow increase of the magnetization, reaching quasi saturated values of 28.1 NµB for 4, 35.7 NµB for 2 and 34.9 NµB for 5, coherent with the maximum ferromagnetic S ground states for 2 and 5 (S = 18.5 and 17 respectively). Fit of the experimental data was not possible for the anisotropic Co3Gd4 and Ni3Dy4 complexes 2 and 4, but a spin-only attempt was performed for the Ni3Gd4 complex 5. We have also measured the response of the Ni3Y4 complex 6, that shows a constant χMT value of 3.5 cm 3 ·mol -1 ·K between 300-6 K and a decay below this temperature down to a final value of 2.80 cm 3 ·mol -1 ·K at 2 K. This measure indicates that there is no interaction between the Ni II cations and that complex 6 magnetically behaves as three isolated Ni II cations with a g value of 2.16. Next, simultaneous fits of χMT and M(H, T) data (Fig. 4) were carried out for 5 by using PHI program [68] , assuming that only the Ni-Gd and the Gd-Gd pathways are operative and that gNi = 2.16. The best fit, solid lines in Figs. 3 and 4 , gives: J1(Gd-Gd) = -1 and J2(Ni-Gd) = 0.62 cm -1 . It is noteworthy to mention that similar fitting curves of χMT and M(H, T) can also be obtained by constraining J1(Gd-Gd) and J2(Ni-Gd) to be both ferromagnetic and by adding a weak antiferromagnetic effective zJ interaction to take into account intermolecular couplings. However, we should safely disregard this second set of parameters because, contrary to the first one, it cannot be used to reproduce satisfactorily the heat capacity results that we report below. Heat Capacity. Figure 5 shows the experimental molar heat capacity C for compound 5, collected for the temperature range 0.35-30 K and for several applied magnetic fields. The heat capacity is best understood by comparing the experimental data with the calculated curves (solid lines) on the basis of the spinonly model and parameters J1(Gd-Gd) = -0.17 cm -1 and J2(Ni-Gd) = 0.62 cm -1 , obtained from fitting the susceptibility and magnetization data. Overall, the agreement is significantly good, with the main discrepancy gradually taking place on increasing T above 10-15 K. This discrepancy is due to a non-magnetic contribution that we ascribe to lattice vibrations and can be described by the Debye model (dotted line), which simplifies to a C/R = aT 3 dependence at the lowest temperatures, where a = 2.3 x10 -2 K -3 . The magnetic contribution to the heat capacity is strongly dependent on the applied field, especially for fields larger than 1 T. At the lowest temperatures, the calculated curves deviate from the experimental ones for zero field and less so for µ0H = 1 T. This is very likely due to weak, though sizeable, magnetic interactions acting between the molecules, probably of dipolar origin, which are not included in our calculations. Magnetocaloric Effect. Finally, we evaluate the MCE for Ni3Gd4, namely, we determine its magnetic entropy change, ΔSm, and adiabatic temperature change Tad for selected values of the applied field change ΔH = H -0. Note that ΔSm can be calculated from the heat capacity and magnetization data by using the relations:
where Sm is the magnetic entropy and Cm is the magnetic heat capacity, which we obtain by subtracting the lattice contribution (dashed line in Figure 5 ) to the total heat capacity C. The adiabatic temperature change can then be obtained straigthforwardly as temperature changes from the entropic data. The results are shown in Figure 6 , where one can notice that the two sets of data for ΔSm that we obtain from C(T,H) and M(T,H) are consistent to each other, thus confirming that the procedures used are correct. For 0ΔH = 7 T, −ΔSm reaches 7.3 R = 15.4 Jkg -1 K -1 at T = 5.0 K, while Tad = 5.9 K at T = 2.3 K. Magnetic correlations inhibit the system to reach the whole available magnetic entropy that for four Gd III and three Ni II ions per molecule amounts to 4Rln(2sGd+1) + 3Rln(2sNi+1) = 11.62 R, where SGd = 7/2 and SNi = 1. The values of ΔSm for 5, when expressed per molar R, are similar to the corresponding ones reported for other Ni-Gd compounds, [46, 69, 70] whereas they compare less favourably when expressed per unit mass, because the metal/non-metal ratio is relatively modest in 5. 
Conclusions

Experimental Section
Materials. Chemicals (reagent grade) were purchased from Sigma Aldrich and Alfa Aesar. All experiments were performed under aerobic conditions using materials and solvents as received. Safety note: Perchlorate salts are potentially explosive; such compounds should be used in small quantities and handled with caution and utmost care at all times. Instrumentation. IR spectra were recorded over the range of 4000-650 cm -1 on a Perkin Elmer Spectrum One FT-IR spectrometer fitted with a UATR polarization accessory. ESI-MS date were obtained on Bruker Daltonics Fourier transform ion cyclotron (FTICR-MS ) while the EI (at 70 eV) were obtained using Fissions instrument VG Autospec. TGA analysis was performed on a TA Instruments Q-50 model (TA, Surrey, UK) under nitrogen and at a scan rate of 10 °C/min (University of Sussex). Magnetic studies. Variable-temperature and variable-field magnetic studies were performed using a MPMS-5 Quantum Design magnetometer operating at 0.03 T in the 300-2.0 K range and with applied fields up to 5T. Diamagnetic corrections were applied to the observed paramagnetic susceptibility using Pascal's constants. Heat capacity measurements were carried out by using a Quantum Design PPMS system, equipped with a 3 He cryostat. The experiments were performed on a thin pressed pellet (ca. 1 mg) of a polycrystalline sample, thermalized by ca. 0.2 mg of Apiezon N grease, whose contribution was subtracted by using a phenomenological expression. Ligand synthesis. The synthesis of HL1 was performed following the reported procedure.
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Preparation of compounds 2 -6. Ln(OTf)3 (0.2mmol), Co(NO3)2.6H2O (0.1mmol, 58mg), HL1 (0.2mmol, 34mg) and Et3N (1.2mmol, 26.8µL) were refluxed for 2h in EtOH (20mL). The reaction mixture was subsequently cooled and filtered. The filtrate was left for slow evaporation between 4-8 days before red crystals suitable for Single X-Ray were collected. These were dried overnight. CHN (2) [Co (expected) C-40.66%, H-3.24%, N-7.12% (observed) C-40.59%, H-3.23%, N-7.15%; X-ray Crystallography. Unit cells (Table S1 ) for 2, 5 and 6 (ω-scans) were obtained at the University of Sussex by use of an Agilent Xcalibur Eos Gemini Ultra diffractometer with CCD plate detector under a flow of nitrogen gas at 293(2) K for 2 or 173(2) K for 5 and 6 using Mo Kα radiation (λ = 0.71073 Å). Data for 3, 4 and 4' were collected at the National Crystallography Service, University of Southampton [71] on a Rigaku FRE+ diffractometer equipped with a HG Saturn 724+ CCD detector under a flow of nitrogen gas at 100(2) K, processed with CrysAlisPro and solved by intrinsic phasing methods with SHELXT. [72] All crystal structures were then refined on Fo2 by full-matrix least-squares refinements using SHELXL. [72] All non-H atoms were refined with anisotropic thermal parameters, and Hatoms were introduced at calculated positions and allowed to ride on their carrier atoms. Geometric/crystallographic calculations were performed using PLATON, [73] Olex2, [74] and WINGX [75] packages; graphics were prepared with Crystal Maker. [76] Crystallographic details are given in Table  S1 . CCDC 1545359 -1545361.
